Patient handovers are a critical point in the patient care process. Software to identify differences in communication content and strategies across different types of patient handovers could be helpful in customizing physician training programs. To determine whether there were differences, Linguistic Inquiry and Word Count (LIWC) software was used. The primary measure was the LIWC output score, which is the frequency of mention of words in a construct category divided by the total number of words in the handover transcript. Two types of constructs were investigated: 1) content, which included name/age, care plan, prognosis, and family, and 2) strategy, which included questioning and collaborative cross-checks. We hypothesized that the Emergency Department (ED) to hospital transfer compared to Intensive Care Unit (ICU) sign-outs would have more discussion of family and less of the patient's prognosis, as well as more collaborative cross-checks. A two-tailed t-test was used to detect differences. One hypothesis was confirmed, that there was less discussion of prognosis in the ED as compared to the ICU handover. Unexpected findings were less discussion of the care plan and more questioning in the ED as compared to the ICU handover. Findings confirm that both communication content and strategies are different for the two types of patient handovers and that an automated analysis approach can detect differences across a set of handover transcripts.
INTRODUCTION
Handover communications are centrally important to providing safe, effective care. A survey by the Agency for Healthcare Research and Quality (AHRQ) identified the need to improve handovers and suggested additional training to improve the quality of handovers (Chang et al., 2010) . Numerous efforts to improve handover communications have been conducted to meet accreditation requirements by The Joint Commission and by the Accreditation Council for Graduate Medical Education (ACGME). Despite a large and growing literature conducting research on patient handovers (Ong & Coiera, 2011) , there is no known research that has found differences across types of patient handovers for the content of handover communications or communication strategies. This study uses an automated linguistic construct approach (a "bag of words" analysis) with extant handover transcripts to investigate predicted differences between two types of physician handovers, resident physician sign-outs and inter-unit transfers from the Emergency Department (ED) to the hospital or other care units.
Despite the lack of research examining communication content in patient handovers between settings, we predicted that there would be two areas where content would differ based upon discussions with physician collaborators and prior observations of handovers in the ED. Specifically, we predicted that there would be more mention of interactions with family in the emergency department than intensive care due to the central importance of an initial narrative during the care trajectory. In other words, the patient narrative in the emergency department tends to focus on what family members discovered in a home setting and what information they shared in the emergency department. In intensive care, the narrative focuses more on how the results of ordered procedures, labs, and medications have impacted patient status, which typically does not involve the family as centrally. In addition, we predicted that there would be more of a focus on prognosis in intensive care, where discharge planning tends to primarily occur, than in the emergency department. In the emergency department, disposition is an important decision, and it typically does not centrally involve prognosis as a factor.
There has been some prior research regarding communication strategies. Transfers from the ED to the hospital have previously been found to differ from handovers for communication strategies during shift changes within a physician specialty. One study by Hilligoss (2014) found that handover communications from the ED are consistent with a theoretical framework of negotiation (Hilligoss & Cohen, 2013) as the ED clinicians are focused on the complexity of the individual patient when determining disposition of care whereas the other physicians are focused on the challenge of how to allocate limited resources across multiple patients. In all care settings, including the ED, it is believed that effective handover communication involves more than an accurate transmission of knowledge and information from one physician to another (Patterson & Wears, 2010) . One study found that collaborative cross-checks are used more frequently by physicians and nurses with higher training (Rayo et al., 2013) . Collaborative cross-checks are a particularly important communication strategy for a high quality patient handover in that it increases the resilience of the system by having an incoming provider with "fresh eyes" question potentially erroneous assumptions embedded in ongoing diagnoses and treatment plans (Rayo et al., 2013) . With shift changes, there is essentially no ability to deny the transfer of responsibility from one physician to another, so the negotiation framing does not apply. Handovers across shift changes, such as sign-outs between ICU resident physicians, are more focused on continuity of care. Following this logic, we predicted that ICU sign outs would have more collaborative cross-checks. Therefore, this research investigated whether predicted differences in communication content and communication strategies were found across two types of patient handovers. An automated approach was employed using LIWC software with linguistic constructs having an associated "bag of words."
METHODS
The software Linguistic Inquiry and Word Count (LIWC) is an automated textual analysis software package (Pennebaker & Francis, 2007) . In essence, LIWC analyzes written or transcribed text files by matching words within the text file to an internal dictionary or user generated dictionaries (Tausczik & Pennebaker, 2010) . In addition to other domains, LIWC has been used to analyze cockpit communication (Sexton & Helmreich, 2000) , empirical dialog-state modeling (Ward & Vega, 2012) , and Federal Reserve Chairmen transcripts (Abe, 2011) .
The setting for the first dataset was the Medical Intensive Care Unit (ICU) of a large urban, teaching hospital in the Midwest. The setting for the second dataset was the ED and associated hospital of a different large urban, teaching hospital in the Midwest. The first setting includes handovers that were conducted face-to-face while the second consists of those that were conducted over the telephone. This study was a retrospective analysis of a convenience sample of existing handover transcripts compiled for related research purposes of identifying and conceptualizing communication strategies.
Transcribed verbal interactions during handovers (ICU signouts: 9 handovers, 47 patients; ED-hospital transfers: 48 handovers, 50 patients) were analyzed. Manually identified words and phrases were grouped into construct categories and automatically identified using LIWC. A priori predictions were made regarding differences between ICU sign-outs and ED to hospital transitions based on domain knowledge and theoretical frameworks.
The primary outcome measure was the LIWC output score, which is the total number of words identified in a construct category divided by the total number of words in the document. Two-tailed t-tests were used to find statistically significant differences using the measure of percent words captured in each patient handover. A Bonferonni correction was employed to account for three simultaneous t-tests, resulting in a threshold of p<0.017 for significance.
The constructs used in this study are described next.
Content linguistic constructs:
• Name/age o Typically at the beginning of the handover, the name and/or age of the patient, sometimes in conjunction with other information, was used before providing additional content. Included in this category were words related to the name, age, other patient descriptors, medical record number, and the room location. Examples: Mr., Mrs., fifty-eight year old.
• Care plan o Description of planned activities to provide care for the patient. This includes descriptions of medical procedures and changes to medication regimens. Examples: next dose, plan, x-ray.
• Prognosis
o Prognosis is the ultimate goal, i.e., whether or not the patient will live or die. Examples: will die, will live, dnr, circling the drain.
• Family
o In this construct is any discussion of the patient's family as sources of information as well as stakeholders in the delivery of care. Examples: family, mother, father, sister, brother.
Strategy linguistic constructs:
• Questioning o Any question asked by either the outgoing or the incoming physician. Identified by a raise in tone.
Includes clarification questions, collaborative cross-checks, and queries to repeat information. Example: ?
• Collaborative cross-check o Collaborative cross-checks are an assertive questioning strategy where at least two individuals with different frames of reference examine the others' assumptions and actions to assess the validity and/or accuracy of said assumption (Patterson et al, 2007) . Cross-checks are defined as questions or statements that are made by the incoming practitioner with the intent to confirm that outcomes from cognitive activities are accurate. Examples: suspicion, but you said, double-check.
RESULTS
As displayed in Table 1 , the hypothesized difference for prognosis was detected. A larger output score indicates more matched words between the generated list and the handovers studied. For example, in the Prognosis category for the EDhospital transfers an average of .11% of the words in the handoff were also in the "bag of words." Unexpected findings were differences in care plan and a marginally significant difference with questioning. 
Content

DISCUSSION
These results confirm one a priori hypothesis that handovers from the emergency department to the hospital differ from intensive care unit sign-outs in how much prognosis is discussed.
The prognosis finding was expected because in the emergency department, there is less of a focus on prognosis than typically occurs in an intensive care unit. There is more of a focus on the decision of where to send the patient next for care, and prognosis is often not factored in centrally to that decision.
In hindsight, the difference for care plan is not surprising in that typically only critically important care is provided in an emergency department. The focus is to move the patient through to the next care setting, where more attention can be paid to diagnosing and treating the patient. Therefore, more procedures and other care activities are discussed in the ICU setting than during the transfer from the ED.
Regarding collaborative cross-checks, we suspected that the "bag of words" approach might not be accurately capturing the phenomena of interest, or there might be false positives where the words were used but were not indicative of a collaborative cross-check. Therefore, we did further investigation. In prior research, the inter-rater reliability for the manual coding of collaborative cross-checks with the ICU dataset had high inter-rater reliability with two independent investigators (K=0.95). A comparison was made from the automated detection with a gold standard of manual coding by a human investigator on a random sample of the ICU data. Ten patient handovers from 47 patient handovers were randomly selected (using =RAND function in Excel). The automated algorithm correctly identified 83% of the manually coded collaborative cross-checks, but there were quite a few false positives. The questioning strategy, in contrast, had a higher correlation with the desired construct in that it was based solely on the ? symbol. As long as the professional transcriptionist included ? in the transcript, presumably based upon a rise in tone, there are likely very few false positives. The questioning strategy does include collaborative cross-checks conceptually, but it is broader in that it also includes other types of questions, such as clarification questions to fill gaps in knowledge. Future research is needed to determine whether collaborative crosschecks can be reliably detected and thus used to compare differences on it across datasets. In the meantime, the ? symbol seems to be a reasonable surrogate for detecting strategies that involve questioning when a human transcriptionist is employed. It is expected that automated transcriptions will not reliably detect a questioning tone.
Overall, the findings of this study demonstrate that there are automatically detectable differences in content and strategy between different types of handovers. What may be effective in one type of handover may not be in another. To perform an effective handover, it is important to know what content needs to be discussed and what strategies are recommended to use during them. By making these differences in content and strategy explicit, standardized, and monitored during training, handover communications can improve, thus ultimately improving patient care and patient safety.
